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Summary

The report describes an experiment in integrated teaching of applied

electronics. Programme-controlled diagnostic tests with instantaneous

response collection and taped TV programmes have formed an integrated

part of the teaching. The integrated teaching has been given to three

classes of students at the Royal Institute of Technology (sophmore

level, total about 400) and also on concentrated continuation courses

for teachers at technical colleges and for industrial engineers. The

project comprises the production both of software and hardware.

The software side comprises such items as teaching rIcAels (for packaged

courses), textbooks, TV programmes, progracic;ed dfngnostic exavies

of circuit calculation, and laboratory experiments.

The hardware side comprises, among other items, the programme-controlled

feedback system DIATEST, which contains equipment for control and displa)

of multiple choice tests.

The ESAU responder, specially developed for this -Joject, was used for

collection of responses.

Programme-controlled diagnostic tests, which were initially intended as

instruments for measuring students' progress, have proved to have an

activating effect on their studies. In group teaching these tests permit

a direct and effective feedback from student to teacher, and also provide

a basis for continuous revision of the course material.

To utilize these advantages of the diagnostic tests, however, high requir

ments are placed both on test design and on an accurate and detailed

specification of course objectives.
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1. INTRODUCTION

The overall. aim in the projects that have been and are being run by

the PE Group of The Royal Institute of Technology is to find effective

methods for teaching of engineering.

Process control of teaching is a conceivable alternative, which seems

a natural choice especially for technological subjects. Technical

processes are controlled by data which are continuously measured or

sampled in different steps of the process. In the same way, of course,

it is possible tc control teaching processes. In technical processes

there are sensitive elements which measure pressure, temperature, quantity

etc.; and in teachin?, process uniquely defined variables are similarly

required which can be measured by means of different forms of test and

examination.

In technical processes homogeneous basic material is available, but this

is hardly so in teaching. The necessity of flexible adaptation to the

students' requirements is therefore very much greater in a teaching system

The process-controlled teaching system is rut intended to be run fully

automatically as in technical processes. It is rather an instrument for

relieving the teacher of a large part of the routine burden, at the same

time as he receives data of his students' performance which enable him

effectively to devote his time to individual instruction.

This report discusses the means of replacing conventional lectures by

motivating 1V programmes and of allowing the greater part of the learning

work to be done in the form of inde,,endent study checked by diagnostic

tests.
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2. PILOT PROJECT IN SPRING OF 1968

2.1 Objectives for the pilot project

The role of lectures_

Traditionally lectures take up a great part of the scheduled time for

technological teaching. But experince shows that, for technological

students, lectures are the most passive part of the teaching. The purpose

of the lecture has been to transfer knowledge from teacher to student.

For large groups of students, however, this transf..r of information can

be done more effectively through other channels. ,specially through

textbooks and audio visual media.

hypothesis

We therefore set up the following hypothesis: The information transfer

function of lectures can to a large extent be taken over by suitable

course literature and their motivating function can be replaced by

introductory TV programmes.

Verification of the hypothesis

To verify the hypothesis, a pilot project was instituted covering two

classes. of students (about 100 in each) taught by two methods, one

including certain lectures (Method A) and one altogether without conven-

tional lectures (Method B). In method A, TV programmes were run as repeti-

tion of the lecture before the circuit calculation exercise. In method B,

TV programmes were run as introduction to independent study. Knowledge

has been measured both continuously during the course in the form of

programme-controlled diagnostic tests and in the form of normal examina-

tions.

Modifie3,teachin.& model

An important goal in the pilot project was, on the basis of the experience

gained, to set up a modified model, Method C, for the regular teaching

of applit:, ,.le'tronics. Method C has been tried out in 1969 for the

in B
2

(second-year students, Electrical Engineering) and the results are

report,:d below as project E2-69.



2.2 Teaching models and course material of the pilot pnlject

Experiments in integrated teaching have been made on the Transistor

Pulse Circuits course in the subject of Applied Electronics at the

Institute of Technology. (The course earlier comprised 50 h lectures

and 34 h circuit calculation exercises.)

Our intentions were to cut down the lecture time to a minimum and replace

the lectures by brief TV programmes. This necessitates reinforcement

of the activity teaching by calculation exercises and laboratory experi-

ments which are fully integrated with the course, and last but not least

a continuous follow-up of the results of study.

To elucidate the role of lectures or rather the effect of replacing

them by introductory and motivational TV provra=es two classes were

taught on two different models, Method A and Method B. Fig. 1 shows

a comparison between the time schedules for m(thods A and B and that for

the previous course.

Previous
course

Method A
50 7 lectures

Method B
0 7 lectures

Lectures 2x25 2x10
x)

1x10")

Calculation
exercises 2x14 2x10 2x10

Laboratory
experiments 2x 3 3x 6 3x 6

x) Every double period consists of 2(1 min diagnostic test and

70 min normal lecturing.

xx) Consists of diagnostic test., discussion and playback of tape-

recorded TV programmes.

Fig. 1 Scheduled time for Transistor Pulse Circuits course.

Method A involves cutting dew- of the lectuting tim., by about 50 %, while

in method B there are no conventi, la) ]._Mures. lu method B there is only

a short discussion and questioas period immediately following the diagnostic

tests.
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The cutting down of lecturing time will be cmpensated for by the tape-

recorded TV programmes. Under method A the 1V programmes were used for

repetition of the abbreviated lecture and at the same time as an introduc-

tion to independent study.

The course material was divided into one introductory package and ten

course packages with two written examinations, one after package 6, the

other after package 11 (Fig. 2).

2 r
rexn1

11

Le2xam 2 I

yit-;. 2 Division of course into packages and examinations (package 1 is

preparatory package for the course).

Each package was given a build-up as shown in fig. 3.

The goal for each weekly package was specified in the textbook, App. I

(see detailed account in MarkesjO, G.: Transistorpulsl : rctsar, del 4,

Norstedts & Siiners 1'61-lag, Stockholm 1968, pp 168-17l).

The material produced for the Transistor Pulse Circuits course was as

follows:

1. Textbook: Markesjo, C.: Transistorpulskrotar, del 1-4, Norstedts &

Soners FOrlag, Stockholm 1968 (including oxamples of exercises in

circuit calculation and directions for laboratory experiments)

2. Diagnostic tests progranmed for fiv(-screen slide projection (2)

3. TV programmes produced by 11. Akesson, (The Cornittce for Television

and Radio in Education) (11)

4. Exercises in circuit calculation and laboratory experiments. Examples

of calculation are included in the Textbook, Part 4. The laboratory

experiments were designed by E. Kjelkerud and I. Hoglund (4)

8
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2.3 Design

Tice experiment followed a design proposed by Professor Ake Edfeldt, TRU

Consultant. Each of the two classes was divided into four exercise groups.

These groups were taught in accordance with the scheme in fig. 4, from

which it will be seen also how the course was divided into two halves,

one comprising packages 2-6, the other packages 7-11.

The Assistant Teachers rotated between the various groups. The grouping

was based on ranking of the students according to entrance points. In

this way we attempted to Love both the teachers- time and the student

material uniformly distributed over the four groups.

Packages 2-6

Group 1 A

Group 2 B

Group 3 A

Group 4

Packages 7-11

Fig. 4 Design for teaching of groups 1-4.

A and B signify teaching method.

T = examination

2.4 Collected data and analysis

A

B

B

A

The course was moved in 1968 from third year to second year and therefore

two classes totaling about 250 students, were taught in accordance with

the above models and design. For course E
3

(third year students, Electrical

Engineering) which started in mid-February, one package was run per week

during the cntire spring term. For course E
2

(second-year students,

Electrical Engineering) two packages were run per week during the later

part of the term.
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The following basic data have been collected (variable numbers 1-12

intended for data processing):

No. 1 Military group points from Institute of Military Psychology
enlistment test (only group means indicated in this report)

2 Entrance points on application to Institute of Technology

3 Attitude test points after half of course

4 Attitude test points at end of course

5 Attendance during packages 2-6

6 Attendance during packages 7-11

7 Diagnostic test points, packages 2-6

8 Diagnostic test points, packages 7-11

9 Examination points, Calculation Problems, packages 2-6

10 Examination points, Theory, packages 2-6

11 Examination points, Calculation Problems, packages 7-11

12 Examination points, Theory, packages 7-11

Collected basic data have been analysed in a computer and by other means.

Basic data have been stored on punched cards, one card for each student.

BMD programmes programmed for IBM 360-75 have been used.

A full description of the analysis will be found in Report PE-4.

2.5 Results

No significant difference between methods A and B was measured in respect

of examination results. This will be seen from App. 2a. The same applies

to the diagnostic tests (App. 2b).

For class E
2

there is according to App. 2b a correlation factor of the

order of 0.3 between the examination result (Practical Calculation Problems

and the diagnostic tests.

The corre'ation between results of diagnostic tests ani examination (Theory

is negative for E3. This is because class E3 was credited with the diagnos-

tic test results sr points towards the theoretical examination. Students

with good results in diagnostic tests, therefore, did not answer the

theoretical questions in the examination but devoted all of their time to

the calculation examination.

11
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The final result of tha pilot project as regards learning may be summarized

as follows:

1. Methods A and B yield the same examination results, which indicates

that lectures (as in metLod A) fulfil no major purpose provided that

textbooks are available and that the students can be kept active by means

of diagnostic tests.

2. A weak but positive correlation factor (approx. 0.3) exists between

the results of diagnostic tests (of multiple choice type) and the calcula-

tion examination.

2.6 Attitudes, Spring Term 1968

The object of teaching is not merely to pass on a given quantity of

factual knowledge. In the long run its value lies to a large extent in the

interest aroused in the subject, its principles and methods, and the

technique required to gather new information about the subject-field.

The results of teaching can then not be measured only by examinations

(whether of theoretical or practical calculation type). Attitude measure-

ments are therefore a necessary complement to pure measurements of know-

ledge.

The students in the pilot project in the Spring Term 1968 were given two

attitude tests, one after package 6 and one after package 11. The tests

were fairly comprehensive and are described in detail in Report PE-4. The

results of 5 of the 40 questions in the tests are shown in App. 3. The

results from E
2

and E
3

are added together.

Question 1 shows a very positive attitude for the detailed course specifica-

tion. A course can be specified in the form of "content objectives" or

"behaviour objectives". Even if the latter is best in principle, the

students are greatly assisted by a detailed specification of content

objetives issued in advance.

Questions 2 and 3 show that the TV programtx:s, in the form we have given

them, are more suited as introduction than for direct learning. As students

differ in the lengths of time needed for learning, learning can hardly be

programmed groupwise from a TV screen (unless use is made of a block field

or controllable interuptions). The result is therefore not unexpected.

1
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Ouestion 4 shows the need for an extra lecture period (or discussion)

after the diagnostic test in method B. In the design of method C atten-

tion has been paid to the attitude results of questions 3 and 4.

Qu,,2stion 5 shows the difficulties of combining activity teaching and

preproduced TV programmes. The programmes were of an introductory and

motivational character and therefore provide too little concrete a basis

for exercises in circuit calculation. Different means of building feed-

back into calculation exercises and laboratory experiments will be dealt

with in a special research project in 1970/71 (financed by the Chancellor

of the Universities).
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3. MAIN EXPERIMENT E
2
-69

3.1 Goes and models

The objective of the teaching experiment in Transistor PulAe Circuits was

to attain a practically usable model for electronics teaching. On the

basis of the experience from the pilot project in the spring term 1968,

in which some different models were tried out, a revised model was drawn

up for use in the regular teaching in the spring term 1969, Method C.

Method C has been designed with regard both to the results of the attitude

tests and to the experience gained from the earlier models.

The diagnostic tests were initially intended only for measurements, but

soon came to be an integrated part of the learning situation. The posing

of well prepared questions, which all students had to answer and thus

became actively engaged, while the teacher could directly read the result,

proved to be both an effectr:,,e and popular form of teaching.

As, according to attitude questions 2, 3 and 4 (App. 3), in method B the

students preferred to have an extra lecture period and in method A they

did not wish to have a repetition of the IV programme, the repetition was

eleminated and replaced by a prolonged discussion of the diagnostic test.

This then became method C.

To fit this method into the schedule, the TV programme for the following

weak is shown at the end of the 2-hour period (normally devoted to lectures

allotted for the diagnostic test and its discussion.

An attempt in E2-68 to run two packages a week was not very successful, for

which reason one package a week was run during the 12 weeks of the spring

term 1969.
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3.2 Design

In view of the goal for the main experiment, this experiment was designed

as a single-group experiment. Experience from the spring erm 1968

had shown that the rotation of the assistant: teachers and the division of

the examination into two parts had very negative effects on the students.

The only special measurements that were made were two attitude tests, one

about midway through the course and one at the end. Otherwise a compilation

was merely made of available data such as attendance, diagnostic test

points and results of examinations.

3.3 Primary material frcm E2-69

The course has been a regular item for about 150 students in E2 during

the spring of 1969. Continuous measurements have been made in the form of

diagnostic teats (Dl). The final result was measured by an examination.

The examination was divided into two parts: a calculation part with 4

circuit-calculation problems and a theoretical part with 30 multiple choice

questions. The multiple choice questions are of the same character as the

DT questions but rather more difficult.

For the analysis the basic data were divided into the following variables:

No. 1 Attendance at diagnostic tests

2 Attitude test 1, question 1

3 2

4 " 1, 15

5 " 2, 1

6 " 2, 11

7 " 2,
If

21

8 Entrance points to Institute of Technology

9 DT results t. total points in tests

10 Examination, practical calculation

11 , theoretical

12 , total points

13 DT/N, mean result of DT

14 Preparation time 1

15

in
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Basic data are tabulated in App. 5.

A detailed specification of the variables is given below.

No. 1 indicates the number of answered diagnostic tests and varies

between CO and 12.

2-7 are attitude points on the following scale: a = 5, b = 4,

d = 2, e = 1, absent = -1.

2 question 1:1

5 11 2:1 }
What is your ovurall impression of this TV

teaching compared with average conventional

teaching?

a. much better

b. rather better

c. neither better nor worse

d. rather worse

e. much worse

3 question 1:2 As aid for independent study the diagnostic

6 2:11 test were

J a. very good

b. fairly good

c. neither good nor poor

d. rather poor

e. very poor

4 question 1:15 I I considered the calculation excercises

7 2:2 f a. very good

b. fairly good

c. neither good nor poor

d. rather poor

e. very poor

9 DT points. Every correctly answered question gives 1 point.

Wrong answer 0 point. The variable comprises the total points

from all tests and may vary between 0 and 84. Total .,bserce -1.

10 The practical examination consists of 4 problems, each of which

gives 0-10 points. Examination paper not handed in .= -1.

11 The theoretical examination consists of 30 multiple choice

questions. Correct answer 0.5 point. The points may vary between

0 and 15. Examination paper not handed in .., -1.

1 "c
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12 Total practical and theoretical points. May vary between 0 and

55. Examination paper not handed in = -1.

13 DT/N = mean result of diagnostic tests.

14 AI:13 } In preparation for each weekly package I have

15 AII:19 read on an average Scale

a. 0 14 min 1

b. 15 - 29 min 2

c. 30 59 min 4

d. 1 2 h 8

e. > 2 h 16

Absence from attitude test indicated by -1.

3.4 Analysis

For analysis of the basic data they have been punched on cards (App. 4).

BMD programmes have been used for the statistical analysis.

The following analysis were made:

(3.5) Correlation of basic data for all 186 students starting the course

(3.6) Study of the significance of attendance for the result of study

by breakdown into three attendance groups.

3.5 Correlations between basic data

Largo partn of the teaching at tho instito1( of Technology do not involve

compulsory attendance. It is therefore not necessary to attend all or a

specific number of diagnostic tests or exercises in the Transistor Pulse

Circuits course. Certain basic data are thus lacking.

This must be taken into account in the analysis. In the calculations of

correlation we have used a special programme - BHD 03D, Correlation with

item deletion - so that all available data have been used. Therefore dif-

ferent numbers of individuals are iicluded in the various calculations of

correlation.

It is of interest to see low attendance, DT points and preparation time

influence the result of the examination.

1 s
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In the first place it may be said that the highest correlations can be

easily explained, since one variable is included in another, e.g, between

attendance (1) and DT total (9) or between examination, practical (10)

and examination, total (12).

One might perhaps expect that both attendance (1) and high points in the

diagnostic tests (13) would be reflected in the theoretical examination (11),

which consists precisely of questions of DT type, but this is not the

case. (1) and (13) correlate instead with the practical examination. A

conceivable explanation is that those who do well in DT are generally

good at electronics and those who get poor DT results spend more time

reading up the subject, i.e. the feedback from DT functions.

The correlation between DT (13) and the attitude to DT (3) and (6) increa-

ses during the course, which may indicate that it takes some time to become

accustomed to the method of testing.

Entrance.points to the Institute (8) and Di points (13) both correlate

with the examination (12), but not with one another, which may indicate

that they are measures of different kinds of ability.

The objective of working just hard enough to get through is revealed in

the negative correlation between entrance points (8) and preparation time

(14, 15).

In general the course does not appear to match up to the qualifications

of students who have high entrance points. Their negative attitude (2) is

reinforced during the course (3).

If the feedback mechanism with DT functions, there should be no correlation

between preparation time (14, 15) and result of examination (12). The

correlation is also non-existent in this case. The very low correlation

between DT (13) and theoretical examination (11) points in the same direc-

tion.

19
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3.6 Influence of attendance

When a package course has been prepared, with all subject-matter specified

to particular pages in the textbook, one may question whether the students

learn the course thanks to or despite the teaching.

In our case it is interesting to study the degree to which a high level

of attendance at the diagnostic tests and discussions leads to a better

result in examinations.

To study these questions we divided the material into three roughly

equalsized groups in respect of attendance:

group 1 with attendance 1 3 times

" 2
II If 4 - 7

II

II 3 8 - 12 "

With the BMD programme 07D an analysis was made of the distributions of

the various variables and of the correlation within the groups, and the

inter-group difference was calculated.

Hissing data were excluded in the same way as in the calculations of

correlation with BMD-03D.

Some of the group distrPuutions of the variables are shown in App. 7.

The result of the analysis shows that there is a significant difference

between the groups in the practical examination and also in their attitude

to the satisfactoriness of the calculation exercises, at least at the

beginning of the course (App. 7).

Those with a high level of attendance at the diagnostic tests do better

in the practical examination than those with low level of attendance.

One may thus presume that the teaching in the form of 1)1 and discussions

has had the desired positive effect on learning.

There is a clearly significant positive correlation between the DT results

(13) and attendance.

Comparing the correlation between DT (13) and theoretical examination (11)

within the three groups, it is found that group 1 (low attendance) has a

negative correlation (-0.40), group 2 slightly positive ( +0.20) and group 2

(high attendance) positive ( +0.50). A high level of attendance this yields

better results in examinations both during and at the end of the course.

`.' 0
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Studying the attitudes to the usefulness of DT (3) and (6) one finds that

those who take part in many DT become more positive to DT as the course

proceeds.

3.7 Attitudes from E
2
-69

Two attitude tests were run during the spring term 1969, one in February

after package 5 (AI) and one in May at the end of the course but before

the examination (AI1). The results of the tests with distribution of

answers are shown in App. 8.

The general attitude to the course (I:1, II:]) is positive, even if the

positive attitude falls off somewhat during the course. This is a familia-

rization effect which was noticeable also in the 1968 pilot project.

The diagnostic tests are considered to function well (1:2, II:11). On an

average they motivate the students for about 1 hour of preparatory work

(1:13, 11:19), consisting of reading through, the week's r:ateriat (1:14,

11:20, 11:10). Considering that students normally read up the courses just

before the examination, this is a remarkable result.

One reason for this time devoted to independent stud,i was the clear course

specification with page references for each package. This course specifi-

cation was considered a very positive factor and was put to thorough use

by the students (II:3).

A more detailed comparison is given below between the questions in the

first and second tests. Some questions relating to the diagnostic tests

form part of a special report to be issued later and are therefore not

commented on in detail at the present juncture.
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February

Comparison between attitude tests I and II for E7-69

II

May

2

3

4

5

6

7

8

9

10

1.1

12

13

14

15

Question No.

1

11

7

8

9

12

13

16

25

27

19

21)

21

3

Comnents

The total impression of the course is positive, t%oui,,h
slightly less r:o towards the end of the ceurs.

DT are satisfactory; anre positive attitude at beginnin.,,,
than at end

Pace of TV programes rather too fast, especially tower,',
the end of the course

Quantity of information ir. the IV progra7;ales reasonable

The adaptation of the TV Leachil.g to the students' level
of knowledge is considered to diminish during the course.
This may be because the difficulty of the course increa.,:-.: ;

towards the end.

The IV programmes are considered rather too short.

Five-screen slide projection better than TV for display o;
diagnostic tests

The time allowed for answering of the diagnostic tLt
questions was at large considered to be sufficient.

DT should be cor..rrented on preferably by going through eau',
alternative, including the distractors.

If a package were to be repeated, the only preference is
for the conventional lesson. This may be because the cuur.-
is rather too difficult and would therefore a ed more
explanation.

The usefulness of the laberr,tory exercises was considered
quite satisfactory, an opinion which was reinforced as the
course proceeded.

The difficulty of the laLoratory experil-7ents was eoasid(le.1
reasonable; their difficulty should perhaps be i::ereased
as the course proceeds.

The average preparation Lour, diminishes slightly
during the course.

fm prcp:,r..00ry worV- shift -.1ightly fro-1

"to get through br to "normal rethod of stu4".

The calculation exercises were nediecre but i7:2provcd.

The course specification WAS of great use.
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February May

Question No.

4

5

6

10

13

14

17

18

22

23

24

26

28

19.

Comments

The calculation exercises and laboratory experiments are
the elements which chiefly need to be improved.

The theoretical part of the TV programme should be repeated
before the calculation exercises.

DT necessitate some preparation before the lesson, and this
is considered a positive factor by many students.

The feedback from DT is considered to function.

Practically no student is disturbed by the fact that the
others can see his DT score during the test.

Easy to follow one's on score on the ESAU display.

The calculation exercises should possibly contain more
theory.

The calculation exercises have coveted a reasonable number
of problems.

The difficulty of the calculation exercises has been model
to rather too difficult.

A generally reasonable number of laboratory experiments.

The students have received sufficient help in the laboratory
experiments.

F.
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3.8 Experience from use of different response collection systems

In the development of teaching models and systems the feedback technique

is of the greatest significance. There are different types of feedback

from the diagnostic test:

STUDENT

Diagnostic

test

TEACHER

indicates
where further
instruction
is needed

COURSE

DEVELOPER

indicates those
parts of the course
that need
improvement

Fig. 6 The diagnostic tests give three types of feedback.

1. to students, who can thereby better plan their studies

2. to the teacher, who can thereby give both better individual and group

instruction

3. to the course developer, who thereby obtains an effective basis for

revision of the course material.

To obtain feedback, suitable measuring data !Lust be collected and processed

into an interpretable result.

In the integrated teaching of applied eiectrcnics the actual measuring

instrument has been developed in the form of programmed diagnostic tests of

miltiple choice type (2).

(here are several ways of collecting the answers from these tests. The

choice of method will depend on the type of feedback desired and the cost

that can be accepted.

0,1
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25

The types of response collection that we have used are:

1. Template-corrected answer forms

2. Respondex, Elopin system (multiple choice mentometer type)

3. ESAU, electronic responder with individual response collection

4. Optically read response cards for correction in a computer (Service

Group for Optical Scanning, SOL, former KLP Group).

In the first term in which the course was used the main object of the

tests was to collect data for evaluation of the function of the TV program-

mes in the teaching model under trial. We then used template-corrected

answer forms, the result from one week being discussed in the following

week. Correction and item analysis were done by hand and took rather a

long time.

But it soon became clear that some form of instantaneous electronic

response collection would be desirable for quicker feedback.

A specification for an electronic responder (ESAU) was then drawn up in

collaboration with Gerhard Westerberg, who later developed the prototype

of ESAU, the cost of which were borne by the TRU Committee.

alklY :1..""

IS
p

Fig. 8 The electronic responder ESAU with central unit and TV-display.

The central unit is here operated by the designer Gerhard Westerberg.
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ESAU was used for the first time cn a refresher course for teachers in

August 1969 and met with a very positive reception. The diagnostic tests

met with a very favourable response in their attitude test. The teachers

also expressed a desire to use the DT technique in their o7n classes.

Another system, Respondex, was used for the same group of teachers. This

merely shows the numbers of answers under each alternative, which suffices

for the student and teacher, but one loses the information for the item

analysis which is of value to the question designer.

-11177rie
t11.

Fig. 9 The Respondex system only gives total scores on each alternative

A - D.

ESAU was then used on a regular basis in the Transistor Pulse Circuits

course in the spring term 1969. The quick recording of answers meant that

the DT questions could be used in a new and more active manner. Each

question was immediately followed by comments on the correct alternative

and the distractors.

The time taken on discussion of each question was adapted to the result,

and more time could therefore be given to unclear points. To facilitate

the running of the tests, a control system was developed which both control-

led the display of questions and issued scanning orders to ESAU. The new

system, DIATEST, was run with good results during the autumn of 1969 for E3

in the linear course.

c
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Fig. 10 A diagnostic test run with ESAU. After each question the

alternative answers are discussed in detail.

One might think that courses based on well programmed material and contai-

ning diagnostic tests for check of learning would run pretty well under

their own steam. That this is not so is shown by the Transistor Pulse

Circuits course in the spring of 1970. The course was run with temporarily

deputizing teachers (four teachers took part) and with different types of

response collection in the diagnostic tests, as during certain periods ESAU

was unavailable, being under trial for other assignments.

At half-term the students reacted against this arrangement and demanded -

and obtained - the conventional lecturing.

A contributory reason may be that the course is relatively difficult, as

shown also by attitude tests in previous years.
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The attitude to this course indicates that programmed courses with DT

require accustomed teachers and sufficient time for the students to become

familiar with the apparatus.

Responder systems of ESAU type are probably still too expensive for the

broad educational market, and in particular they are not available in

schools today, so that other forms of response collection must be used.

The same applies to the examinations which we have run with multiple choice

questions, in which the cheating risk is all too great with ESAU. We have

therefore used the SOL (Service Group for Optical Scanning) system with

optically read answer forms which are processed in a computer. The correc-

tion programme includes an extensive item analysis.

The design of good questions is difficult and takes much time. We hive

therefore developed a questions bank in which the questions and their itei!

analysis are collected. New questions are successively added to the bank

in collaboration with other institutes. The work on the questions 1,:,nk wi])

be dealt with in a separate report.

Fig. 11 Next page shows an example of an answer form for optical

scanning used by the SOL Group.

Or
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4. ECONOMY

26.

The PE Group project with "integrated teaching of Transistor Pulse Circuits"

must be regarded as a research and development project of new and partially

untried methods. The costs of the project can therefore not be said to be

representative of regular teaching with integrated feedback and computer

follow-up of the results.

To give some idea of the costs and investments involved in a development

project of this type, the six largest items of expenditure are tabulated

below.

1.

1000's of kronor

Swedish Board of Technical Development grant for
development of methods 225

2. 4 textbooks at 50,000 kr 200

3. ESAU prototype, cost borne by TRU Committee 100

4. 15 TV programmes at 15,000 kr 225

5. TV installations (Chancellor of the University) approx. 150

6. New investment in laboratory (oscilloscopes)(Institute
of Technology and Division of Applied Electronics) 100

Total approx. 1 million kr

The investments made in this project by different organizations and

companies have brought a dividend in different forms.

1. The Swedish Board of Technical Development grant was necessary for the

development of methods and follow-up of knowledge and attitude results in

pilot and main projects. The methods have partially served as a pattern

for other projects at the Institutes of Technology in Stockholm and Lund.

Programme-controlled multiple choice systems are now used within the

Divisions of Physical Metallurgy and Electrical Engineering at the

Institute of Technology in Stockholm, and packaged courses have been

further developed at the Division of Applied Electronics at the Institute

of Technology in Lund.

n

Progracre-controlled diagnostic tests were originally introduced as a

measuring instrument in the TV teaching of Tr;nsistor Pulse Circuits, but

are now an integrated part of the teaching.

.1



27.

The methods for diagnostic follow-up have been tested on a large scale in

a project run jointly with the Swedish Broadcasting Corporation and the

teaching aid producing company Ldromedelsforlagen.

As appears from the half-year report of the PE Group (Jan. ,,une 1970)

the methods developed have met with a great interest both among technicians

(for continuation courses within industry) and among educationalists. The

methods have been presented at a number of conferences and in lectures at

the request of various interested parties.

The development project may therefore be said to have a value as a model

for similar teaching systems, which justifies the grant made by the Board

of Technical Development. This grant represented a forward-looking invest-

ment in a field in which the Board had earlier had little experience.

2. Ninety per cent of the textbooks have been sold outside the Institute of

Technology, which justifies the publisher's investment.

3. The firm Lumalampan has taken up the manufacture of ESAU, which will

partially compensate the TRU Committee for its investment in the prototype.

4. The TV programmes have been used at the Institutes of Technology in

Steckholm, Linkoping and Lund. Several upper secondary schools (Class 4,

Telecornunications Line) could have made use of these programmes. Unfor-

tunately these schools have been unable to obtain copies of the tapes from

the TRU Committee (although no copyright objection exists). From the

economic aspect it is regrettable that the TV production as early as

February 1968 has not been put to wider use despite a considerable demand.

5. The installation of TV monitors, cabling, video tape recorders and intercom

telephones in lecturing rooms in the old Electrical Engi.eering wing at

the Institute of Technology must he partially regarded as a test of suitable

equipment and cannot he charged in its entirety to the teaching of applied

electronics. The installaticn has later been used for regular TV teaching

also of other subjects.

6. The change to parallel running of the laboratory experiments in applied

electronics was done on pedagogical grounds. This inv,..stment would soon have

become necessary even if no development project had been under way. The role

of the TV project in this respect was chiefly to accelerate an inevitable

investment.
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5. FINAL SUMMING UP

The experiment in integrated teaching of Transistor Pulse Circuits shows

that lectures can very well be replaced by introductory TV programmes and

independent study checked by diagnostic tests. A condition for effective

integrated teaching is a clearly formulated course specification and care-

fully designed diagnostic tests. To facilitate the t.....ther's work these

tests should be programme-controlled and there should be means for quick

correction.

Properly designed diagnostic tests can be used by the student for checking

the results of his studies, by the teacher for adjusting his teaching to

the needs of the students, and by the course developer for revising the

course material. Automatic methods for display of questions, recording of

answers, and data processing of rne results are essential if the teaching

is to be process-controlled.

Experience from the programme- controlled DIATEST system has been very pro-

mising in this respect.

Altogether three classes of technologist students have taken part in the

experimental teaching. Preliminary results from the two courses in the spring

of 1968 have been published in the PE Group Report PE-4 (in Swedish), and

the DIATEST system has been described in Report PE-7 (in English). The ESAU

response analyser has been dealt with in two articles (6, 7).

In a later project a report of which is expected to be published in the

autumn of 1970 experience will be given of an experiment in process-

controlled teaching on a large scale in Class 4 of upper secondary school.

A third project may possibly deal with the means of measuring activity and

creativity elements in the teaching process. Such measurements consitute

a condition for a more just evaluation of the work done by students and of

the results of their studies.
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Examination results, Spring Term 1968

Exam 1 Exam 2

Group x o
_
x o a

1.
1.13____ 0.48 1.06_____ 0.52 20

1.16 0.43 1.08 0.68 20

3 1.16 0.40 0.96 0.70 20

4 0.97 0.44 0.90 0.82

-..

22

Exam 1 Exam 2

Group -).-2

1.01_____

u

0.36

_
x

1.07______

c

________

0.78

n

24

26

2/

1

2 1.08

,

0.35 0.93 0.64

3 1.08'- - 0.39

_

0.88 0.64

4 1.07 0.43 1.12 0.63 23

App. 2a

Second-year

course E
2

Third-year

course 1',

Standardized group means of poiuts ia tlie two oxanivatios.

(Relate to students who have takeo patt ta both examinations.)



DT results and correlations, FTring Term 1968

Packages 2-6 Packages 7-11 Entrance points

C:roup
_
x a [ :-.. 0

_
x

1 0.90
_

0.46 1.05_____ 0.45 44.69

2 1.05 0.48 0.95 0.52 45.19

3 0.96 0.43 1.00 0.2 42-28

4

__-

1.06 0.47 y 0.98_1 0.54 45.84

Packages 2-6 Packaffs 7-11 Entrance points

Group
-
x o

_
x o

_
x

1 1.04__ 0.47 0.90____ 0.44

0.40
__ __

0.40

_,

44.57

2 0.98 0.46 1.15 q4.61

3 1.06 0.35

__ _.

1.16

____ __

41.96

[ 4

0.91
__I.

0.41 0.75____ 0.46. 41.51

Standardized DT results added together into half-term values.

Method A underlined.

Correlation between
DT and Exam

E
2

F
3

2-6 I practical calculation 0.31 0.41

2-6 I theoretical 0.34 -0.10

7-11 Il practical calculation 0.29 0.00

7-11 II theoretical 0.15 -0.2

App. 2b

Second:year

course E
2

Third:year

course E
3

Coefficients of correlation between DT results and examination results.

loof
r) I



Attitudes from pilot /reject, Spring Term 1.'11;S

(for E2 and E3 coained)

App. 3

1. The specification of the course ol)jeetivos to 1-irticular pages for each

package was an aid which f utilixcd 50 7,

a) every time

b) usually

c) sometimes

d) occasionally on trial

e) rot at all

(Question 1 relates to :.,et_hcjs A

2. The replacement of a lecturir4!,

would, I consider, he

a) rraich better

b) rather better

c) neither better nor worse

d) rather worse

e) much worse

(Question 2 relates solely to method A)

Li 1.rt:t!i,V1 01_ the IV programme

3. Being able to see the 1V programme bcfLo reading the textbook was

4,

I consider,

a) much better

b) rather better

c) neither better nor worse

d) rather worse

e) much worse

(Question 3 relates soleiy to method B)

To add an extra lecturing period betr,:eeA diagnostic test and 11: prograrce

would be, 1 consider,

a) much better

b) rather better

c) neither better nor worse

d) rather worse

e) much worse

(Question 4 relates solely to method B)

5. The ability of the IV teaching to proviote a ba.rn for the circuit calculation

exercises was

a) very good

b) fairly good

c) neither good nor poor

d) rather poor

e) very poor

(Question 5 relates ,;o1(,!y 1,1 -wthol A)



App. 4

Positions of basic data on punched card, E2 -69
-

Variable Positions el card

class + year 1 6

national registration number 7 16

1 presence at DT and lectures 17 18

2 Attitude I to the course 19 - 20

3 I value of DT 21 22

4 I circuit calculation exercises 23 24

5 Attitude II to the course 25 - 26

6 II value of DT 27 28

7 II circuit calculation exercises 29 30

8 Entrance points to Institute of Technology 31 34

9 DT points, total 35 36

10 Examination, practical calculation 37 39

11 , theoretical 40 42

12 11

, total 43 45

13 DT points, mean 46 47

14 Preparation time I 48 - 49

15 " II 50 - 51



PRIMARY DATA FROM E
2
-69

Variable No.

Bilaga 5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

11 5 4 3 4 5 3 4675 61 32,0 14,0 46,0 5,5 3 2

00 -1 -1 -1 -1 -1 -1 5150 -1 -1 -1 -1 -1 -1 -1

11 1 3 3 1 2 1 4625 41 0,0 8,0 8,0 3,7 8 16

07 4 4 4 -1 -1 -1 4300 27 6,0 13,5 19,5 3,9 1 -1

07 4 4 4 -1 -1 -1 4875 32 0,0 11,0 11,0 4,6 16 -1

01 -1 -1 -1 -1 -1 -1 4875 02 -1 -1 -1 2,0 -1 -1

04 5 4 2 -1 -1 -1 5025 25 -1 -1 -1 6,3 2 -1

00 -1 -1 -1 -1 -1 -1 4250 -1 -1 -1 -1 -1 -1 -1

12 4 4 3 4 5 4 -1 71 27,0 14,5 41,5 5,9 2 2

07 4 2 1 2 2 3 4725 27 9,0 10,0 19,0 3,9 2 2

07 -1 -1 -1 4 S 3 4800 22 16,0 22,0 38,0 3,1 -1 2

04 2 4 2 -1 -1 -1 5375 17 14,0 9,5 23,5 4,3 4 -1

04 -1 -1 -1 -1 -1 -1 4675 09 7,0 9,0 16,0 2,3 -1 -1

10 4 3 4 1 1 5 4700 42 32,0 10,0 42,0 4,2 16 8

09 4 5 3 4 4 3 4750 45 20,0 14,0 34,0 5,0 8 8

09 5 4 2 3 4 4 4775 49 20,0 11,5 31,5 5,5 8 12

10 4 4 4 4 3 2 4700 41 23,0 9,5 32,5 4,1 8 16

00 -1 -1 -1 -1 -1 -1 4850 -1 20,0 10,5 30,5 -1 -1 -1

06 2 5 5 2 4 2 4925 27 -1 -1 -1 4,5 1 1

01 -1 -1 -1 3 3 2 4700 03 0,0 6,5 6,5 3,0 -1 1

06 4 4 2 -1 -1 -1 4725 23 -1 -1 -1 3,8 4 -1

07 4 3 1 2 1 2 4825 29 -1 -1 -1 4,1 8 16

12 4 4 5 3 4 4 5175 56 19,0 12,5 31,5 4,3 4 6

03 3 4 3 -1 -1 -1 4250 08 -1 -1 -1 2,7 2 -1

06 5 -1 4 4 -1 4 4900 33 33,0 14,0 47,0 5,5 8 4

01 -1 -1 -1 -1 -1 -1 4675 05 10,0 11,5 21,5 5,0 -1 -1

11 4 4 4 4 4 4 4425 42 0,0 8,0 3,0 3,8 4 4

00 -1 -1 -1 -1 -1 -1 4375 -1 9,0 7,5 16,5 -1 -1 -1

11 4 4 4 3 4 4 5050 39 20,0 9,0 29,0 3,5 4 4

01 -1 -1 -1 2 3 3 -1 05 -1 -1 -1 5,0 -1 1

03 -1 -1 -1 -1 -1 -1 4875 10 -1 -1 -1 3,3 -1 -1

03 -1 -1 -1 -1 -1 -1 -1 08 13,0 10,5 23,5 2,7 -1 -1

01 3 4 1 -1 -1 -1 4775 02 -1 -1 -1 2,0 2 -1

00 -1 -1 -1 1 3 2 4425 -1 -1 -1 -1 -1 -1 1

07 4 5 3 4 4 2 4475 31 11,0 11,5 22,5 4,4 4 2

00 -1 -1 -1 -1 -1 -1 4400 -1 -1 -1 -1 -1 -1 -1



11 4 4 4 4 4 4 4600 49 15,0 12,0 27,0 4,5 8 3

04 2 5 3 2 4 2 5100 15 -1 -1 -1 3,8 2 2

06 2 5 2 -1 -1 2 4475 22 0,0 0,8 0,8 3,7 2 2

00 -1 -1 -1 -1 -1 -1 4266 -1 -1 -1 -1 -1 -1 -1

10 3 4 3 -1 5 3 4675 48 20,0 13,0 33,0 4,8 4 4

09 4 4 3 4 4 4 4566 37 3,0 11,0 14,0 4,1 4 4

12 4 4 3 4 3 3 4275 48 20,0 11,5 31,5 4,0 8 16

03 -1 -1 -1 3 3 1 4525 10 9,0 12,0 21,0 3,3 -1 1

08 -1 -1 -1 -1 -1 -1 4700 36 -1 -1 -1 4,5 -1 -1

11 4 4 4 4 4 4 4525 52 20,0 12,0 32,0 4,7 3 3

09 4 3 2 4 4 2 4650 30 0,0 10,5 10,5 3,3 2 2

05 4 4 2 3 2 4 5000 16 -1 -1 -1 3,2 4 1

03 4 4 2 4 4 4 445U 17 5,J 11,5 16,5 5,7 8 16

08 4 3 4 4 3 4 5500 25 31,0 13,5 44,5 3,1 1 1

05 -1 -1 -1 4 5 4 4850 13 4,0 11,5 15,5 2,6 1 2

00 -1 -1 -1 -1 -1 -1 4250 -1 -1 -1 -1 -1 -1 -1

05 -1 -1 -1 4 4 4 5025 22 27,0 11,5 38,5 4,4 -1 8

00 -1 -1 -1 -1 -1 -1 5050 -1 -1 -1 -1 -1 -1 -1

01 3 4 1 -1 -1 -1 -1 06 0,0 8,5 8,5 6,0 4 -1

09 4 2 5 4 -1 3 4475 34 0,0 9,5 9,5 3,8 2 4

01 4 5 2 3 4 3 4650 07 5,0 8,5 13,5 7,0 8 4

05 5 2 2 -1 -1 -1 4500 19 -1 -1 -1 3,8 16 -1

08 1 4 4 2 5 4 4725 43 28,0 12,0 40,0 5,4 8 4

02 -1 -1 -1 -1 -1 -1 -1 09 18,0 13,0 31,0 4,5 -1 -1

07 -1 -1 -1 4 4 4 4650 27 10,0 11,0 21,0 3,9 -1 4

10 4 4 3 4 4 5 4500 47 0,0 12,5 12,5 4,7 2 2

03 -1 -1 -1 4 4 4 4525 11 3,0 11,0 14,0 3,7 -1 8

00 -1 -1 -1 -1 -1 -1 5100 -1 -1 -1 -1 -1 -1 -1

06 4 5 4 -1 -1 -1 4550 29 11,0 11,0 22,0 4,8 8 -1

01 -1 -1 -1 -1 -1 -1 5525 06 -1 -1 -1 6,0 -1 -1

01 -1 -1 -1 -1 -1 -1 -1 02 10,C 23,0 33,0 2,0 -1 -1

12 3 5 4 4 5 3 4566 70 12,0 14,5 26,5 5,8 8 8

05 -1 -1 -1 -1 -1 -1 4925 05 4,0 7,0 11,0 1,0 -1 -1

07 5 5 3 4 5 2 4850 32 22,0 20,0 42,0 4,6 8 4

07 3 5 3 4 4 4 -1 28 14,0 12,0 26,0 4,0 8 8

01 4 5 2 -1 -1 -1 4650 03 18,0 10,0 28,0 3,0 -1 -1

01 -1 -1 -1 3 5 3 4200 04 -1 -1 -1 4,0 -1 8

11 3 4 3 3 4 4 -1 55 29,0 13,0 42,0 5,0 8 4

03 5 5 3 -1 -1 -1 -1 10 0,0 6,5 6,5 3,3 8 -)

00 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

07 -1 -1 -1 -1 -1 -1 -1 15 -1 -1 -1 2,1 -1 -1

00 -1 -1 -1 -1 -1 4 -1 -1 -1 -1 -1 -1 -1 -1



06 -1 -1 -1 4 4 4 4725 22 10,0 8,0 18,0 3,7 -1 2

05 3 4 1 -1 -1 -1 4250 21 -1 -1 -1 4,2 8 -1

01 -1 -1 -1 -1 -1 -1 4750 06 -1 -1 -1 6,0 -1 -1

11 4 4 4 4 4 5 4266 52 10,0 13,0 23,0 4,7 8 8

00 -1 -1 -1 -1 -1 -1 4500 -1 -1 -1 -1 -1 -1 -1

11 4 5 2 3 4 2 5000 49 17,0 10,5 7,5 4,5 2 2

07 3 4 3 -1 -1 -1 4300 26 0,0 12,0 12,0 3,7 2 -1

06 -1 -1 -1 4 4 2 4625 21 0,0 9,0 9,0 3,5 -1 4

06 4 4 4 4 4 4 4850 28 20,0 12,5 32,5 4,7 2 2

07 2 3 3 3 3 4 4875 13 -1 -1 -1 2,9 1 1

04 -1 -1 -1 2 1 2 4950 12 -1 -1 -1 3,0 -1 1

08 4 5 2 5 4 2 4575 42 29,0 10,5 39,5 5,3 16 4

09 -1 -1 -1 -1 -1 -1 4350 28 11,0 10,5 21,5 3,1 -1 -1

04 2 4 4 1 4 4 5025 18 27,0 12,5 39,5 4,5 4 2

08 -1 -1 -1 -1 -1 -1 4650 27 17,0 11,0 28,0 3,4 -1 -1

00 -1 -1 -1 -1 -1 -1 5100 -1 -1 -1 -1 -1 -1 -1

05 4 5 4 3 5 3 4275 18 15,0 10,5 25,5 3,6 8 8

11 3 2 4 1 3 3 5225 36 20,0 12,5 32,5 3,3 4 2

08 -1 -1 -1 -1 -1 -1 4525 29 0,0 6,5 0,5 3,6 -1 -1

00 -1 -1 -1 -1 -1 -1 4650 -1 -1 -1 -1 -1 -1

06 1 4 1 1 1 3 4600 17 11,0 9,5 20,5 2,8 8 2

00 -1 -1 -1 -1 -1 4 4900 -1 8,0 10,0 18,0 -1 -1 -1

03 -1 -1 -1 3 4 3 4400 14 20,0 11,0 31,0 4,7 -1 4

04 3 3 4 -1 -1 -1 4550 12 -1 -1 -1 3,0 2 -1

08 4 4 4 3 4 4 5125 34 11,0 13,5 24,5 4,3 4 4

10 -1 4 3 2 3 5 4750 46 14,0 10,5 24,5 4,6 16 12

05 4 5 2 -1 -1 -1 5400 15 -1 -1 -1 3,0 1 -1

00 -1 -1 -1 -1 -1 -1 4575 -1 -1 -1 -1 -1 -1 -1

08 4 5 4 4 4 3 4925 33 -1 -1 -1 4,1 8 16

00 -1 -1 -1 -1 -1 -1 4450 -1 -1 -1 -1 -1 -1 -1

09 3 4 2 4 2 4 4825 33 19,0 9,5 28,5 4,2 4 -1

02 -1 -1 -1 -1 -1 -1 4575 08 14,0 12,0 26,0 4,0 -1 2

03 -1 -1 -1 -1 -1 -1 4350 10 -1 -1 -1 3,3 -1 -1

0) 5 4 4 5 4 4 5100 40 16,0 11,0 27,0 4,4 1 1

07 5 4 3 -1 -1 -1 4400 28 -1 -1 -1 4,0 4 -1

09 4 4 2 4 4 2 4650 27 0,0 10,5 10,5 3,0 2 1

07 4 5 2 -1 -1 -1 4400 41 20,0 12,5 32,5 5,9 8 -1

00 -1 -1 -1 -1 -1 -1 486,i -1 -1 -1 -1 -1 -1 -1

05 3 3 4 4 4 4 4825 21 19,0 10,5 29,5 4,2 -1 16

03 -1 -1 -1 4 5 3 4366 12 -1 -1 -I 4,0 -1 2

07 2 4 4 2 4 4 5350 30 26,0 12,5 38,5 4,3 4 2

00 -1 -1 -1 -1 -1 -1 4425 -1 -1 -1 -1 -1 -1 -1



10 4 5 4 3 5 5 4575 47 8,0 9,0 17,0 4,7 4 2

11 3 4 3 -1 -1 -1 5175 56 18,0 12,0 30,0 5,1 3 -1

03 -1 -1 -1 -1 -1 -1 4625 08 -1 -1 -1 2,7 -1 -1

06 5 5 3 4 3 4 4575 13 -1 -1 -1 2,2 2 -1

02 -1 -1 -1 -1 -1 -1 4575 04 -1 -1 -1 2,0 -1 -1

07 3 3 2 3 3 3 4875 28 -1 -1 -1 4,0 8 -1

01 4 4 5 -1 -1 -1 4475 03, -1 -1 -1 3,0 1 -1

04 2 4 1 -1 -1 -1 4525 11 12,0 9,5 21,5 2,8 4 -1

01 -1 -1 -1 -1 -1 -1 4650 04 -1 -1 -1 4,0 -1 -1

10 4 4 4 3 4 4 4925 44 0,0 10,5 10,5 4,4 8 4

00 -1 -1 -1 -1 -1 -1 4725 -1 -1 -1 -1 -1 -1 -1

03 3 4 3 -1 -1 -1 5100 07 -1 -1 -1 2,1 4 -1

00 -1 -1 -1 -1 -1 -1 4525 -1 -1 -1 -1 -1 -1 -1

02 -1 -1 -1 -1 -1 -1 5000 02 -1 -1 -1 1,0 -1 -1

03 -1 -1 -1 -1 -1 -1 -1 11 0,0 11,5 11,5 3,7 -1 -1

07 3 5 4 4 5 5 5000 33 0,0 10,5 10,5 4,7 4 4

07 2 4 2 -1 -1 -1 4575 23 -1 -1 -1 3,3 2 -1

06 1 2 1 1 -1 1 4850 15 9,0 8,5 17,5 2,5 16 8

09 4 5 3 -1 -1 -1 4850 31 -1 -1 -1 3,4 1 -1

07 3 4 3 2 4 1 4425 27 4,0 11,0 15,0 3,9 16 8

09 4 4 3 -1 -1 -1 4875 22 -1 -1 -1 2,5 1 -1

10 2 5 3 -1 -1 -1 4750 60 20,0 14,0 34,0 6,0 8 -1

04 -1 -1 -1 -1 -1 -1 4300 20 10,0 12,5 22,5 5,0 -1 -1

09 4 5 2 -1 -1 -1 4750 43 -1 -1 -1 4,8 4 -1

04 -1 -1 -1 -1 -1 -1 4250 10 -1 -1 -1 2,5 -1 -1

12 4 5 3 -1 -1 -1 -1 49 2,0 9,0 11,0 4,1 8 -1

00 -1 -1 -1 -1 -1 -1 4775 -1 -1 -1 -1 -1 -1 -1

12 4 4 2 3 4 3 5000 56 17,0 13,0 30,0 4,7 4 4

09 4 5 4 2 4 4 4575 39 20,0 10,5 30,5 4,3 8 16

08 2 2 5 -1 -1 -1 4850 27 5,0 12,5 17,5 3,4 1 -1

06 5 4 5 4 3 4 4525 20 12,0 10,0 22,0 3,3 2 8

04 4 5 3 -1 -1 -1 -1 09 -1 -1 -1 2,3 4 -1

12 4 5 4 3 4 4 4525 52 10,0 10,0 20,0 4,3 4 4

00 -1 -1 -1 -1 -1 -1 4775 -1 -1 -1 -1 -1 -1 -1

01 -1 -1 -1 -1 -1 -1 4575 3 -1 -1 -1 3,0 -1 -1

12 5 4 2 4 4 2 4516 69 27,0 14,0 41,0 5,7 4 8

12 4 4 1 4 3 4 4525 51 16,0 12,0 28,0 4,3 8 8

09 5 4 3 4 4 4 4900 44 21,0 10,0 31,0 4,9 4 8

09 5 4 4 4 4 4 4525 49 10,0 11,0 21,0 5,4 4 4

11 -1 -1 -1 -1 5 '4 -1 41 -1 -1 -1 3,7 -1 -1

08 5 4 4 5 5 2 -1 34 15,0 13,0 28,0 4,3 16 16

00 -1 -1 -1 4 3 2 4500 -1 7,0 10,5 17,5 -1 -1 8

3



00 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

00 -1 -1 -1 -1 -1 -1 5000 -1 -1 -1 -1 -1 -1 -1

04 -1 -1 -1 2 4 4 5025 17 16,0 11,5 27,5 4,3 -1 2

04 -1 -1 -1 3 2 2 4800 11 2,0 11,0 13,0 2,8 -1 2

12 4 5 5 5 4 4 4400 49 0,0 11,5 11,5 4,1 8 16

00 -1 -1 -1 1 1 3 5100 -1 -1 -1 -1 -1 -1 4

00 -1 -1 -1 -1 -1 -1 4400 -1 -1 -1 -1 -1 -1 -1

04 -1 -1 -1 -1 -1 -1 4725 16 -1 -1 -1 4,0 -1 -1

00 -1 -1 -1 -1 -1 -1 4700 -1 -1 -1 -1 -1 -1 -1

02 4 4 2 4 4 3 4675 10 -1 -1 -1 5,0 8 4

06 4 3 2 -1 -1 -1 4975 13 -1 -1 -1 2,2 2 -1

06 -1 -1 -1 -1 -1 -1 4325 21 20,0 10,5 30,5 2,1 -1 -1

00 -1 -1 -1 -1 -1 -1 4675 -1 -1 -1 -1 -1 -1 -1

03 3 4 2 3 4 2 4650 06 -L -1 -1 2,0 8 1

08 -1 -1 -1 -1 -1 -1 5025 40 22,0 13,5 35,5 5,0 -1 -1

10 5 5 3 -1 -1 -1 -1 50 17,0 13,0 30,0 5,0 16 -1

01 -1 -1 -1 -1 -1 -1 -1 04 -1 -1 -1 -1 -1 -1

01 -1 -1 -1 -1 -1 -1 -1 04 -1 -1 -1 4,0 -1 -1

04 5 5 2 -1 -1 -1 -1 12 10,0 10,0 20,0 3,0 4 -1

05 3 2 4 5 1 4 4283 17 18,0 27,0 45,0 3,4 1 1

07 -1 -1 -1 -1 -1 -1 4625 26 -1 -1 -1 3,7 -1 -1

07 4 4 3 -1 -1 -1 4600 22 -1 -1 -1 3,1 4 -1

08 -1 -1 -1 -1 -1 -1 4550 36 -1 -1 -1 4,5 -1 -1

08 3 3 4 -1 -1 -1 4850 37 21,0 10,5 31,5 4,6 4 -1



App. 6

Correlation matrix for E2 -69

Data comprise all 186 students starting the course in Spring Term 1969.

The correlation matrix was computed with the BMD programme 03D. The

programme excludes the missing values which are marked -1.
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App. 7

Data stratified on variable No, 1, attendance
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Attitude test I, E
2
-69 (February 1969)

1. What is your overall impression of this IV teaching compared with average
50 %

conventional teaching?

a) much better

b) rather better

c) neither better nor worse

d) rather worse

e) much worse

1.

2. As aid in independent study the diagnostic tests we-re

a) very good

b) fairly good

c) neither good nor poor

d) rather poor

e) very poor

3. The pace of the TV programmes was as a rule:

a) much too quick

b) rather too quick

c) reasonable

d) rather too slow

e) much too slow

4. The quantity of information in the TV programmes

a) much too great

b) rather too great

c) reasonable

d) some additional mitter could have been
included

e) much additional ratter could have been
included I

5. The adaptation of the TV teaching to the students' capability

a) very good

h) fairly good

c) reasonable

d) rather poor

e) very poor

O
t- r-J



6. I consider the length of the TV prograffiwes was

a) much too short

b) rather too short

c) reasonable

d) rather too long

e) much too long

7. Comparing slides and TV for display cf diagnostic tests I think that

a) TV is much better

b) 'IV is rather better

c) TV is as good as

d) slides are rather better

e) slides are much better

8. The time allowed for answering of questions is, I

a) much too long

b) rather too long

c) reasonable

d) rather too short

e) much too long

9. Comments after answers to questions should consist

a) a thorough consideration of each alternative

b) a summary consideration of each alternative

c) consideration only of the correct alternative

d) merely indication of the correct alternative

10. If I were to repeat a course p:.ckage I would rust

a) the TV programme

b) the conventional lesson

c) a mixed lesson with diagnostic tests and TV

d) the course literature

e) the circuit calculation exercise

of

like a repetition of



11. As aid in my studies the laboratory expeiimcnts WOY

a) very good

b) fairly good

c) neither good nor bad

d) rather poor

e) very poor

12. 1 should like the laboratory experiments to be

a) much more difficult

b) more difficult

c) as they are

d) easier

e) much easier

3.

50 Z

13. As preparation for each course package 1 have read the te:Abook on an avera;,,

a) 0 - 14 min

b) 15 29 min

u) 30 59 min

d) 1 - 2 hours

e) > 2 hours

14. The reason for this time of preparation was chiefly

a) to get through the diagnostic tests

b) to prepare for the circuit calculatioN
exercises

c) special interest in the subject

d) my normal method of study

e) other reason

15. 1 thought the circuit calculation exercises were

a) very good

b) fairly good

c) neither good nor poor

d) r: Cher poor

e) very poor

U'



1. iat i5 ',iic overall irrpressi 0 ul itilu k Lu lii h, cu iccl a Li VI

cii ivci it i Lit U) to3 Chi. a

a) ncL better
b) rather buLl
c) ireither be Lu
d) rather worse
c) much worse

2. Du you till 55 the 1 LOt UI 1

a) "es
b) n
c) dot C

5

IC SlLCj I it 1111 of Ili
1iackago wn UI aid \liiiLli I iti ii a
a) ever" Litre
hi) usually
c) snnrtinrcs
d) LLcaio11i1ly Lii IjijI
e) not at all

-

'r'L:

cuIiri bjt l's t I iatki]ir i;es for each

ilioiild arty col tIlL fri iriu; phases ire tue acan1U he t,ct tin nigh roar
IL)Icnighly, repeated, or pi In ?'L

) iV

hi) Dl

C) sere i us

d) hiuhoratozy xperirl tI

ira' 1 the fri ii wing ph s ill ?_ii 1 tiii rig: i harLenc u

ii iff iruleiii
a) 'IV

t ) 1)1

c) L's r,i:rs
.3) 1 ha r t ;i'Ii litI

F° hip

N. 1oi 1 1 a 1 t a' the IV p ' riliac r ' p a e urc t a' i a'
a) 7a it 1 eiit7.ri.

b) t lii ti ii

) out ii ii naicrul t

d) nt at all



llte 0ro co the TV pror!ttcmos

ccacl I on quick

b) rother tcu gulch.

c) reasonable

d) rather too slow

e) muult too

iho quantity of iftio( matiou i the

a) much too great

b) rather too great

c) reasonable

(I) some additional matter ce,td
have been included

e) much additional matter cou'd
have been included

oi

a) %,cry good

h) fairly p,00d

c) rcosonable

d) rather poor

e) very poor

;

4 A

t,achih.j wrol

J

IG. What_ is the greatest value tel you of th .r totir It 1

a) that 1 preparo the les:-;co

thot [ len in r A.. the .otua 1 tas

that toad p wl,at I A Ii iLL the tcH

d) tttat the toacher gots to know what hi most
difficult in tin' eurse

e) no value at all

It. As aid n indepeadent study to dir,pne;Lic ,;1.;; 15 0

a) very good

b) fairly good

c) neither good not roor

d) rather poor

c) vely root

12. Comparing slides and iv for display of diaghotic i.!.As I tbitlI.

a) CV is such belt, r

b) Is rather better

c) TV is os good as

d) slides are rather better-

e) slide.; ore mach s)ctlet 59

that



/. (. he .r,/ ogties uas as a taii ?

a) inurb toe (]nick

b) rather too qUit.:h

c) reasonable

d) rather Lou slow

e) much Lou slc,t,

The gunfility of intommitioc in the iT p'o.'iinrna

ritr"
a)

b)

much too great

rather too great

c) reasonable

d) some additional matter could
have been included

e) much additional mat.Ler could
have been included

5i)

i:pt it ion ill t P.' LI?! Lk' t 10.! St V. t W.1:;

'.rOiry good

b) fairly good

(') reasonable

d) ratite' pool 7+.1

e) Y

is th, (;ruJIt!i;1_ of t

a) that I prepare the lcsaea

b) that I learn from te actual te-L

c) that, I road up %,'hit I failid A 1 LIM II .-!i
L i

'.) that the teacher gets to know what ts l'o,at

ditficult in the 'ntoo

e) no value at all

11. As aid in independent study the iehts wcre

a) very good

b) fairly good

c) neither good net

d) rather poor

C) vcty pool

Corparing slid, and tV for display of diagnosti( (ut I tdini that

a) I' is much better

b) 1V is rather better

c) IV is ii good dS

d) slides :ire rather better

e) slides are rtnch better CO



f

I 1. Hi a you obtain i I .aan- I 11 lit. dnigrlostic

a) tu a lar,'e

b) pattialI7

c) not at

1 '+

7

li_Lye_ you f:;1 to I r r I i U I slted nfir the

a) yo;

h) na

15. 1 C LIII r the t tIC ii lo!..,e(1 I Tid Li., V 11 o, r. I 0:1S ;

t Air "

ItV11;14hAr ..S11

MUCh iC0

b) ratilf too fon

c) lea,:onahle

d) 1thor too short

e) nuob too short,

Cotiiments after auswers to questions should It 1 ill

a) a thorough consialoratiou of taoh aitorn:ttivi:

it) a sumlAry considdraliou ol 1:1(.11 it.i1

c) considriatiou trliV it the (,-)Ilekt ;Ilt,rtive

d) rn.,roly indication (it the ccrroct allornativo

17 Do YOU Ili lid y,air fu I low-St Ltd cot s CNA 1 they yoof;,?

a) I am aware only i y owr position

b) rakos no (Iifferenco

i) annoying

d) very disturhing

50 Z

1S. Ind yon have difficuity in followine your own score to the IV scrooA":

n) 4, always,

10 yes, occasionally

c) no

19. As preparation fir each' eours-c packak

a) (1 - 1!4 pin

h) 13 - 29 nit

c) 30 - 59 iris

d) 1 2 hours

e) > 2 hours

ItAl the textbook on an avtragt.



lho for this t-iT'LL'
50

a) is gei through tine

b) It 1trj4r foi
0.:11 cu 1 t i Hos

U ) interosi in the act 001

d) my normal method indy

e) other reasei.

21 1. ought file circuit.

11

a) voly good

e) fairly good

c) rei tier good nor 1.uor

d) rather poor

o) very poor

I consider the calculation vxr:irciacs

;1) IJOYO IH104,ry

it) more detailed edlenldtiod

t') picti4.'fIL C(;IIC;It.

2,. lLts the: 1:1141001

if) to
h) resouablu

c) too

a it

vi problem-; to :;,+.1ved pc). VXCFCIIC reason:lb
(.?

24. it cia the dowao of difficulty of tho c4orcises?

d) too difficult

a) fedsonablu

c) too easy

As aid in studios the labotatory oxpulimodt:, 'CT a

a) voly good

1)) fdirly good

c) noither mm] mi ltd

d) r dt to r poDr

e) very pool
). .---------
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